Abstract Purpose: To assess the differences, if any, in the intellectual performance scores of children who have iron deficiency anemia and those who are neither anemic nor iron-deficient in New Kashmir
INTRODUCTION
In a world plagued by poverty, ignorance, malnutrition and disease, Iron Deficiency Anemia (IDA) is a prominent and at times troublesome feature of today's health scene and about one billion people around the world suffer from this anemia caused by a sustained insufficiency of iron [1] .
Iron is a key modulator of normal bone marrow erythropoietin and erythropoesis is function of the bone marrow [2] . IDA is the major adverse effect of iron deficiency. The other liabilities of iron deficiency include its effect on intellectual performance, immunity, leukocyte function, physical work capacity, growth velocity, epithelial change, fertility, malignancy, neurological function and intelligence [3] [4] [5] [6] [7] [8] .
Iron deficiency has adverse effects on selective cognitive processes rather than on a global mental ability like intelligence. It is said to selectively affect only the non-verbal or performance scores while leaving the verbal intelligence scores unaffected [12] . Intelligence has been defined by Wechsler, as the overall capacity or ability of an individual to learn or understand and cope with the world around him and was used for this research [9] [10] [11] .
Consent was taken from the school authority as well as parents. School authority permitted and parents agreed for given research on their children while written permission was also taken from ethical committee having official handover [20] .
This school-based study was designed to assess the effect of IDA on the intellectual performance of school children. It was hoped that it would add to the extremely limited pool of knowledge on this subject, in Islamabad as well as in other areas of Pakistan.
METHODS
This study was carried out on 108 children of Islamabad. They were screened from various educational institutions and were aged between 7 to 9 years and thus, ensuring a minimum of 2 years full time primary school education. This was thought necessary to facilitate detection of subtle or significant differences in intellectual performance. Those children who had a recognizable, acute or chronic ailment were excluded from study.
The participating children were placed in 2 groups. Group I consisted of 76 children. They had iron deficiency anemia according to the criteria given in Table 2 . Group II comprises of 32 students who were controlled (non-anemia).
The criteria for inclusion in this matched control group are also given in Table 2 . The children were examined in the familiar surroundings of their primary schools. A brief clinical history and physical examination was performed.
All the 5 mandatory subjects of WISC-R [9] were administered to the children of both groups. Every effort was made to remove their apprehensions and to carry out the test in a relaxed atmosphere.
The children were motivated to successfully undertake the test. The directions, provisions and procedures of the test were strictly adhered too. This was considered necessary for the full appraisal of intellectual performance.
Finally a 5 ml sample of venous blood was taken from each participating child. Electronic cell counter was used for the evaluation of hemoglobin, packed cell volume (PVC), mean cell volume (MCV), mean cell hemoglobin (MCH) while serum parameters were determined by first separating serum from the blood. A drop of blood was placed on a glass slide and a smear was made. This was then stained by Giemsa stain and red cell morphology evaluated.
Statistical analysis
Data were expressed as mean ± standard error for all parameters. Statistical software Minitab 15 was used to obtain p-values for the data. For the comparison of statistical significance between cases and control, Student t-test was used.
RESULTS
A total of 108 students were assessed 76 of them were in the IDA group I and the remaining 32 in the iron replete non-anemic or control.
Group II. The minimum age was 7 years while the maximum age was 9 years. Mean age was 8.1 years in group I and 8.2 years in group II. The clinical features of the participating students were recorded and are given in Table 3 .
At the time of examination 56 students of group I were compared to only 5 students of group II showing signs and symptoms. Thus, a distinctly higher proportion of students from group I than those of group II showed clinical manifestation. Pallor, breathlessness on exertion, irritability, fatigue and decreased attention Span were the main complaints. Help in these observations was also obtained from the teachers. Table 4 shows the results of the laboratory investigations. The hemoglobin levels of group I were lower than those of group II. Similarly, the PCV, MCV, MCH and MCHC values were lower in group I than group II. Serum iron and serum ferritin levels were less in group I but in group II, they were within the reference range. However, TIBC in group I was higher than in group II. All these findings were consistent with the recognized protocols, as group I students has anemia and were iron deficient, while group II children were neither anemia nor iron deficient. The red blood cell morphology on peripheral blood smear showed hypothermia (66 %), Microcytosis (45 %) anisocytosis (16 %), poikilocytosis (8 %) and target cells (5 %) in group I. While the morphology of group II was mostly normocytic normochronic (91 %), only 2 students showed microcytosis and hypochromia (6 %) and I showed macrocytosis (3 %). The scores obtained by the students of the two groups on intellectual performance/intelligence quotients (I.Q) tests (WISC-R) are given in Table  5 . The intellectual performance (non-verbal (I.Q) scores of the iron deficiency anemia group I were lower than those obtained in the iron replace non-anemic (Control) group II. There was a significant difference in the values of scores between the two groups.
Mean values with standard deviation; range is given in parenthesis

DISCUSSION
Iron represents a far living system. It is essential for oxidation reduction catalysis and bioenergetics, but unless appropriately shielded, it plays a key role in the formation of toxic oxygen radicals that can attack all biological molecules. Thus, on the one hand it is indispensable for life, while on the other hand, it has the potential to cause many deleterious impairment or oxidative destruction of the CNS components [12, 13] .
In our study, the intellectual performance scores of the IDA students were lower than the scores of the iron non-anemic children. Thus, suggesting an association between IDA and intellectual performance, these results are similar to earlier findings by other workers who have also found impaired mental and motor function in children with iron deficiency [8] .
Iron deficiency that has progressed to cause anemia will affect the tissues of iron and iron dependent enzymes in an uneven manner that cannot be fully predicted from the degree of an anemia. Many systems of the body including the CNS may be affected [5] In the controversy on the effects of heredity and environment on intelligence, the effect of nutrition has either been ignored or has received a scant or oblique reference only. Numerous studies indicate that malnourished children perform significantly less on intellectual performance or cognitive tests. Thus, leading to the hypothesis that certain dietary inadequacies like iron have measurable psychological and developmental effects [15] People in the developing countries are faced with health care crises. More than half of the population has already little or no access to health care services and many of them are forced to join the ranks of the deprived, while the quality of services, to those whom they are available, are getting poorer day by day. This shortage of access is most profound in the vital public health area like preventive health education. Iron deficiency is an important public health issue for children as it is the most common nutritional disorders of childhood.
We can say that anemia is caused by iron deficiency in whole of the world. Besides RBC's, Iron in the body is stored as ferritin or as hemosiderin and in macrophages, while one of the most important causes of iron deficiency anemia is gastrointestinal blood loss [16, 17] .
Limitations of the study
Genetic study of IDA is required to understand the basics of disorder. However, improved understanding of the disorder will occur as more research is undertaken on the non-hematological liabilities of IDA. This study is an attempt in this direction. A better understanding of the effects of IDA on tissues may facilitate the development of sound strategies for the prevention and treatment of this disorder. Further, IDA is not the only etiological factor that determines the child's learning ability, although it may be a significant contributor. Hence, more work needs to be done to evaluate this and the tissues effects of IDA.
CONCLUSION
Iron deficiency anemia is still a major health care problem affecting millions of people all over the world, particularly pregnant women and children. IDA not only causes decreased physical and mental activity but also lowers intellectual performance. The findings of this study support earlier reports that iron deficiency anemia is associated with lower intellectual performance scores in school children.
